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Abstract
Mycobacterium tuberculosis isolates with identical IS6110 restric-
tion fragment length polymorphism (RFLP) patterns are consid-
ered to be clonally related. The presence of IS6110 in the
dnaA–dnaN intergenic region, one preferential locus for the inte-
gration of IS6110, was evaluated in 125 M. tuberculosis isolates.
Five isolates had IS6110 inserted in this region, and two
consisted of a mix of isogenic strains that putatively have
evolved during a single infection. Strains from the same isolate
had identical spoligo and mycobacterial interspersed repetitive
unit–variable-number tandem repeat proﬁles, but had slight
variations in IS6110 RFLP patterns, due to the presence of
IS6110 in the dnaA–dnaN intergenic region. Duplication of the
dnaA–dnaN intergenic region was found in one isogenic strain.
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Clinical isolates from patients with tuberculosis have been
considered to contain a clonally expanded Mycobacterium
tuberculosis strain. Nevertheless, the existence of heteroge-
neous subpopulations in a single isolate was demonstrated by
the study of individual colonies from primary isolates [1–3].
Subpopulations with slight variations in IS6110 restriction
fragment length polymorphism (RFLP) patterns, suggesting a
unique clonal origin, have been found in serial isolates taken
from a patient over time [4,5] and in isolates from different
body sites of a single patient [6]. It has been considered that
they are the result of micro-evolution.
The dnaA–dnaN intergenic region is a preferential site for
IS6110 integration and, thus far, such integrations have been
characterized only in members of the Beijing family [7,8].
The present study evaluated the presence of IS6110 in
this region in non-Beijing M. tuberculosis strains, and we here
describe the occurrence of isogenic strains in isolates recov-
ered from sputum of Venezuelan patients with conﬁrmed
pulmonary tuberculosis.
Selected M. tuberculosis isolates collected during the year
2002, with different IS6110 RFLP types and representing the
locally predominant groups, were decontaminated [9] and
cultured on Lo¨wenstein–Jensen (LJ) slants (37C, 2–4 weeks).
One hundred isolates were obtained from Los Magallanes
Hospital in Caracas, Venezuela. Twenty-ﬁve isolates from the
Warao ethnic group were included because of the relatively
high incidence of tuberculosis in this population (137 per
100 000 inhabitants) [10]. In each case, all isolates were har-
vested from the solid medium. DNA extraction and IS6110
RFLP typing was carried out as previously described [11].
After IS6110 detection, the nylon membranes were stripped
of annealed DNA and rehybridized with a probe speciﬁc for
the chromosomal intergenic dnaA–dnaN region (oriC probe).
Five M. tuberculosis isolates showed bands of co-hybridiza-
tion with IS6110 and oriC, suggesting that IS6110 was
inserted in the dnaA–dnaN intergenic region. Interestingly,
PCR ampliﬁcation using genomic DNA of two isolates (1C8
and 1D3; Fig. 1) yielded two products, of 547 bp and
 1900 bp, suggesting that these isolates contained strains
with and without IS6110 insertions in the intergenic region.
These two isolates were screened for heterogeneity by anal-
ysing 50 individual colonies recovered from streaked LJ
plates. PCR ampliﬁcation and sequencing showed that only
ﬁve clones obtained from 1C8 had IS6110 inserted in the
dnaA–dnaN intergenic region, whereas the other 45 showed
the wild-type oriC. In contrast, 49 clones isolated from 1D3
had IS6110 inserted in this region (data not shown).
The IS6110 RFLP patterns of selected clones within the
same group differed only by one (or two) IS6110-positive
band(s). Curiously, some clones obtained from 1D3 showed
two oriC-positive bands (Fig. 1a,b). Clones were also analysed
using other routine molecular typing methods. Selected
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clones obtained from the same isolate, 1C8 or 1D3, dis-
played identical spoligotypes, and indistinguishable mycobac-
terial interspersed repetitive unit–variable-number tandem
repeat (MIRU-VNTR) patterns (Fig. 1c). They showed the
characteristic IS6110 RFLP, spoligotypes and MIRU-VNTR
LAM proﬁles [12]. Additionally, all of them showed the allele
combination of genetic group 2: katG codon 463 CGG (Arg)
and gyrA codon 95 ACC (Thr) [8].
To determine the site(s) of IS6110 insertion, PCR frag-
ments containing the dnaA–dnaN intergenic region were
sequenced. Except for one clone, 1C8-30, which contained
wild-type oriC, an IS6110 copy was inserted in either the
dnaN promoter region or the 5¢-end of oriC (Fig 2). Inter-
estingly, all of the clones obtained from 1C8 and 1D3,
which contained IS6110 in oriC, had the insertion at the
same position (oriC1647::IS6110), located 123 bp downstream
of dnaA (Fig. 2b). The IS6110 integration positions
described here, and those described by other investigators
[7], suggest that IS6110 hot spots are limited to precise
zones of the dnaA–dnaN intergenic region. IS6110 insertions
in the region stretching from DnaA box 3 to the right
AT-rich region of oriC were not observed, suggesting that
the disruption of this region might be deleterious, possibly
due to its crucial role in the initiation of chromosome rep-
lication [13,14].
The present results strongly suggest that the clones
obtained from 1C8 and 1D3 are isogenic and most probably
evolved within each patient during infection, possibly as the
result of IS6110 transposition events. These isolates were




FIG. 1. IS6110 restriction fragment length polymorphism (RFLP), spoligotyping and mycobacterial interspersed repetitive unit–variable-number
tandem repeat (MIRU-VNTR) proﬁles of 1C8 and 1D3 isolates. (a) IS6110 RFLP patterns of ﬁve colonies from 1C8 and rehybridization patterns
obtained with the oriC probe. The patterns differed with respect to the IS6110–oriC band (3200 bp). (b) IS6110 RFLP patterns of seven colonies
from 1D3 and rehybridization patterns obtained with the oriC probe. The patterns differed with respect to one IS6110–oriC band (3200 bp) and
one oriC band (2800 bp). Note that 1D3-37 and 1D3-50 showed two oriC hybridizing bands. The IS6110 probe was obtained as previously
described [11]. The oriC probe was obtained by PCR ampliﬁcation using genomic DNA of H37Rv and the primers TB533 (5¢-CGCTAG
CACGGCGTGTTC-3¢) and TB4 (5¢-GTAGCCGCGTCCATTGCG-3¢). (c) Spolygotyping and MIRU-VNTR proﬁles of 1C8 and 1D3 as well as of
some isolated colonies. Spoligotyping was performed as previously described [17]. MIRU-VNTR patterns are based on 12 loci according to
reference [18]: MIRU 10–VNTR 960, MIRU 26–VNTR 2996, MIRU 31–VNTR 3192, MIRU 40–VNTR 802, MIRU 42–VNTR 424, MIRU
43–VNTR 577, VNTR 1955, VNTR 2163, VNTR 2165, MIRU 47–VNTR 2401, VNTR 3690, and MIRU 53–VNTR 4156.
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respectively) before starting tuberculosis treatment; both
samples were collected in Los Magallanes Hospital in Cara-
cas, a region of moderate tuberculosis incidence.
When 1D3-37 genomic DNA was used as template, PCR
fragments were generated with the primer combinations
DnaAf/ISN3, DnaNr/ ISN3, DnaAf/ISN5 and DnaNr/ISN5
(see legend to Fig. 2). These results have two possible expla-
nations: either 1D3-37 is a clone with two copies of the oriC
region, or it has chromosomal rearrangements involving
changes in the insertion/deletion or orientation of IS6110 in
the oriC region, which could have taken place in several cells
during the growth of the single colony in vitro.
To distinguish between these two hypotheses, the geno-
type of 20 colonies recovered after streaking of 1D3-37 on
LJ plates was determined as described above. Nineteen colo-
nies yielded identical PCR results, demonstrating that 1D3-
37 is diploid for at least oriC::IS6110. This clone had two oriC
regions, each one containing a single copy of IS6110 inserted
at the same position but differently oriented (Fig. 2b).
These data provide the ﬁrst evidence that the duplication
of the oriC region could arise during growth in vitro of
M. tuberculosis.
Analysis of the remaining colony revealed only one single
oriC::IS6110 copy; therefore, the possibility that IS6110-oriC
rearrangements could also occur in vitro during the growth
of a single colony cannot be excluded. Interestingly, sputum
microscopy for acid-fast bacilli of the primary isolate 1D3
showed a higher bacillary density (3+) than that of 1C8 (1+).
To our knowledge, large chromosomal duplications have
been reported only for Mycobacterium bovis BCG Pasteur
[15] and Mycobacterium smegmatis mc2155 [16]. The location
and extent of the chromosomal duplication in 1D3-37 was
not determined, but it seems to include at least the dnaA
and dnaN genes (data not shown). These results suggest that
duplication of chromosomal regions, which can include oriC,
is not a rare event in M. tuberculosis, and that it could possi-
bly be mediated by insertion elements. Although there is no
direct evidence that rearrangements of this region have been
IS6110-mediated and, therefore, the mechanism of these
duplications/deletions remains to be elucidated, all of the oriC
copies studied had IS6110 located at the same position, sug-
gesting that the IS6110 transposition could be playing some
role in the genetic rearrangements detected.
In conclusion, this study demonstrates that clinical samples
obtained from a patient, before starting treatment with any
drug, can contain several isogenic strains of M. tuberculosis.
It is also shown that the insertion of IS6110 in the oriC region
does not occur exclusively in M. tuberculosis Beijing strains. In
addition, one M. tuberculosis strain harbouring a duplication of
the oriC region in the chromosome was detected. To date,
this phenomenon has been described only in M. bovis BCG
Pasteur [15]. Further investigations are needed to determine
the role of IS6110 in these genetic rearrangements and their
possible effect on the virulence of M. tuberculosis.
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FIG. 2. Schematic representation of the position and orientation of
eight IS6110 insertions in the dnaA–dnaN region of Mycobacterium
tuberculosis. IS6110 elements are represented by white arrows, the
head indicating the direction of transcription of the putative transpos-
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the left and right AT-rich regions, respectively, that have been previ-
ously reported [19]. The position of the primers used is indicated:
TB533, TB4, DnaAf (5¢-GCGACGTAGACGTGCTGTTG-3¢), DnaNr
(5¢-CGCAATCGTCAATGGTTCAC-3¢). ISN1 (5¢-CGTGAGGGCA
TCGAGGTGGC-3¢), ISN2 (5¢-GCGTAGGCGTCGGTGACAAA-3¢),
ISN3 (5¢-TTCAACCATCGCCGCCTCTACC-3¢) and ISN5
(5¢-CCATCCGCACCGCCCGCT-3¢). The site of IS6110 insertion
was determined by sequencing of fragments generated using combina-
tions of these primers.
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Abstract
Methicillin-resistant Staphylococcus aureus (MRSA) is an important
nosocomial agent of biopolymer-associated infections, and iso-
lates of S. aureus can produce different virulence factors, includ-
ing potent toxins. The bioﬁlm formation and accumulation by
certain international MRSA lineages were analysed, and the toxic
shock syndrome-associated genes (tst, seb and sec) among these
isolates were assessed. In addition, the presence of lukF-pv
(encoding the F-subunit of Panton–Valentine leukocidin (PVL))
was investigated. Most of the MRSA isolates tested were capable
of forming bioﬁlm on polystyrene surfaces, but lacked the super-
antigen toxin genes that were tested. PVL was rarely detected
among the hospital isolates analysed.
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